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Experimental inoculations which form the
subject of this report, were carried out as a
corollary to our previous study on griseofulvin
effect. In the latter, it was mentioned that the
genesis of symptomatology of the disease on the
skin is due to active mycelial invasion of the
area above stratum granulosum only. After this
is terminated by griseofulvin, the hyphae are
replaced by spores (1). This event is also cor-
roborated by mycological experience, that when-
ever the circumstances are not favorable for the
mycelial growth, the spores are formed. The
primary aim of the present experiment was to
note the duration of griseofulvin effect, evidence
of resistance to re-infections, if any, after the
termination of therapy, and to observe the
behavior of T. rubrum in experimentally pro-
duced lesions. It was thought, that if one could
achieve the latter, a correct sequence of the
tissue biology of fungus would be visualized.
For this purpose, a group of 10 patients, who
were clinically free of symptoms after termina-
tion of griseofulvin therapy for 7 days, was
selected. The skin of the forearm was challenged
by T. rubrurn isolates with a procedure described
below. Since we succeeded in producing the
lesions, noted their evolution in a predictable
range, and observed mycological findings which
could be correlated to different phases of clinical
lesions, the experiment was extended to un-
treated subjects with pre-existing chronic skin
lesions on other areas. This was done with a
view to find out if our observations in the first
group were influenced by residual griseofulvin
effect. Since no differences were noted between
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the above two groups, our findings are now
presented as revelatory of the host-parasite
relationship of T. rubrum infection and of the
mechanism of griseofulvin effect. We think that
we are able to show a definitive procedure for
experimental inoculations on the skin, a pre-
dictable evolution of experimental lesions (in
infected persons) and the tissue biology of T.
rubrum in evolving and healing lesions. We feel
that the latter study may lead to an interpreta-
tion of the mechanism of host-parasite relation-
ship.
PREVIOUS REPORTS ON EXPERIMENTAL
INFECTIONS
The experimental production of lesions on the
skin by fungus has been mentioned to be difficult
in most of the published reports. From our ex-
perience, we think that this may be partly due
to a want of correct understanding of the tissue
biology of the pathogenic dermatophytes.
Strauss and Kligman (2) in trying to produce
experimental infection of tinea pedis also men-
tioned that successful inoculations were in
greater percentage of subjects who had accom-
panying pre-existing infections but not in all.
Their method of inoculation was by occlusion
only, and the inoculi were not made after abrad-
ing the superficial keratin layers of the skin.
Further, they used spore suspensions instead of
hyphal inoculi and this may be an important
reason of failure to achieve uniform success as
will be evident later. Silva et at. (3) successfully
infected 2 cases with T. rubrum. The lesions
persisted from 2 to 4 months after which they
subsided spontaneously. They used abrasion and
mycelial inoculi and hence they succeeded.
However, they do not allude to the reasoning
behind their success because their experiment
was conducted with a different view. This was to
study the differences in the pathogenicity of
different morphologic types of isolates of T.
rubrum. Gonzalez-Ochoa (4) and Cordova used
living and even heat killed fungus inoculi to elu-
cidate the role of sensitization mechanism in
the manifestations of disease. They used T.
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Tentagrophytes, M. canis and T. concentricum.
They did not use T. rubrum. They reported local
reactions of erythema and vesiculation with both
killed and live inoculi developing on the 4th day,
with the maximum on the 8th day and dis-
appearing after that, the exact period of which is
not mentioned. Sufficient details of the "takes"
are not available to judge whether real active
growth ring or discoid lesions were produced with
live inoculi. Erythema and vesiculation dis-
appearing by 8th day are cited by them as an
evidence of sensitization mechanism giving rise
to symptoms of the disease. This is questionable
as these symptoms may be produced by the
trauma of the procedure only and a definite
lesion with a distinct morphology did not de-
velop. Probably they succeeded in getting a posi-
tive take only with T. concentricum as they
mention persistent and spreading lesions. Sloper
(5) succeeded in inoculating himself with small
fragments of pure culture and reported the
phenomenon as one of the few successful experi-
mental T. rubrum infections mentioned in the
literature. Baer et al. (6) tried to reproduce
active disease by immersion of feet of experi-
mental subjects in washings collected from in-
fected persons and failed to achieve success.
From the above mentioned reports, it appears
that a standard approach based on an under-
standing of the "tissue phase" of dermatophytes
has not been thought of by the previous workers.
We have reported that clinical expression of the
disease is caused by mycelial invasion of the area
above the "barrier zone" of epidermis only. This
is the region of new keratin formation. Spores and
hyphae may remain on the healed areas without
producing symptoms. Some spores were seen in
the scrapings from healed areas even up to 90
days. The infrequent culture recovery from
healing lesions with spores found in scrapings
(dde infra) also corroborates the difficulty of
activating the spores to mycelial growth even
under the optimum conditions of a culture
medium. Hence the use of mycelial inoculi from
actively growing young cultures not more than
10 days old is of prime importance. Small pellets
of active hyphae were picked up by a wireloop
and used as inoculi. We also wish to point out that
processing to make a standard suspension for
inoculation by grinding up the material as done
by many workers is not necessary. The latter
procedure may diminish the chances of viability
of the growing hyphae. The latter are necessary
to get an infection. Spores (micro and macro-
conidia from cultures) are less likely to succeed,
as will be evident later. The other factor of
paramount importance in achieving the success
was the preliminary preparation of the site by
abrasion. Stripping with adhesive would also
serve the same purpose. Abrasion should open up
the area just above the barrier where favorable
conditions for active growth of the fungus are
available. Hermann and March (8) have re-
cently summarized the facts regarding the
moisture and the nitrogenous constituents in this
zone. The latter are important factors which may
be responsible for an active invasion of this zone
by the fungus; and the inflammatory syinptoma-
tology of the disease is produced oniy if this zone
is invaded.
MATERIAL AND METHODS
The first group consisted of 10 patients of
various ages, who were clinically cured with
griseofulvin. The scrapings from healed areas
showed absence of growth in culture. The second
group consisted of 8 untreated patients with active
chronic lesions in other areas. Inoculations were
performed after one week of termination of treat-
ment in the first batch. The inoculations were
performed on the forearm where there was no
active disease before. Each subject was chal-
lenged with two isolates, viz.,
isolate No. 1 obtained before the treatment was
started (PRE in Fig. 2) and
isolate No. 2, obtained from patients at various
phases during previous griseofulvin treat-
ment in group No. 1, viz., 6 days, 7 days, 10
days, 13 days and 32 days (POST in Fig. 2)
This was done to note if the isolates obtained
during griseofulvin therapy had developed any
changes in their pathogenicity.
The isolates were studied myeologically. Nu-
tritional tests were performed according to the
methods advocated by Georg (8). They confirmed
the biological identity of our species. There were
no changes in the nutritional requirements of the
isolates obtained at various periods during grise-
ofulvin therapy mentioned above.
The inoculations were made on two areas 2 x 2
cm. on the forearm. The site was cleaned with
spirit and then dried with ether. After the latter
had evaporated, the area was rubbed with fine
grain sandpaper till a slightly raw surface was
seen. If by chance, bleeding was observed, that
site was rejected and another area was prepared.
Small fragments of mycelial growth from selected
isolates were put on the arm with a sterile loop.
The area was covered with gauze and adhesive
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tape. The dressings were kept for 4 to 6 days,
after which they were not necessary, as the lesions
had developed. The lesions were examined at an
interval of 2 to 3 days and direct examinations of
scrapings in 10% KOH were carried out every
third day. Scrapings were cultured at an interval
of 7 to 10 days, in the standard Sabouraud's agar
medium at room temperature.
RESULTS
(1) All patients had positive takes with both
isolates. The following graphs show the evolution
of experimental lesions in both groups. The
breadth of the shaded areas signify the local
extent and evolution of lesions. The quantitative
assessment of spores in direct examination of
scrapings and results of cultural examination arc
also incorporated in the graphs.
(2) The evolution of experimental lesions with
both isolates turned out to be in a predictable
range in all cases. Erythema appeared on the
second day with edema and vesiculation occur-
ring between 4th and 5th day (Fig. 2a and c). The
center began to clear on the 6th day, and the
ring was formed between 8 to 15 days. The
increase in the size of active lesions and spreading
of the ring at the margin occurred up to 16th to
20th day. After 20th day, in 12 subjects, the
lesions started regressing and subsided between
25th to 30th day (Fig. 2b). Three children aged
7, 12 and 14 years showed resistance to inocula-
tion (Nos. 8, 9, and 10 in the treated group). The
attempts at inoculation gave ill-defined inflamed
areas which healed in 12-20 days. The lesions
did not subside in six subjects who continued to
show stabilized lesions even up to the 45th day of
observation in four eases and 60th day in the
other two (Figs. 2d and e). The morphology of
experimental lesions duplicated that of the
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Fin. 1. The graph shows (1) the clinical details of age, sex and chronicity of disease of experimental
subjects and (2) evolution of lesions with two isolates. The breadth of shaded area represents the size
of the lesion.
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FIG. 2. (a) Definite morphologic lesion without central clearing on the 7th day, (b) same lesion shows
healing on the 29th day, (c) vesicular lesion on the 5th day, (d) same lesion now annular and non-healing
on the 39th day, (e) non-healing discoid lesion without central clearing on the 28th day, (f) follicular
papular lesions on the 49th day.
original clinical lesions in all cases, showing
thereby an inherent tissue reactivity of a specific
nature. Two types of lesions were seen viz., the
annular type with a clear centre (Fig. 2d) and
the other without central clearing (Fig. 2a and
e). The third type of lesions which developed
later in some subjects were follicular nodules of
l—2 mm. size (Fig. 2f). These developed at a
later peiiod than the former (3 weeks) and
usually were around a follicular opening. They
were persistent and did not show healing.
(3) The direct examination of scrapings were
done at various phases of evolution of lesions.
This way, one can see changes developing in the
fungus by which one can interpret the host
resistance. In the first week of observation after
inoculation, actively growing hyphae and some
arthrospores were observed in the extending
lesions (Fig. 3a). The lesions without central
clearing showed persistence of many actively
growing mycelia and some arthrospores up to
the 45th day of observation. The stabilized lesions
showed "faviform change" in the hyphae char-
acterized by swollen, distorted, rounded club
ends and a tendency to inter-septal disarticula-
tion with formation of small bits with two to
four septa (Fig. 3b). The subsidence of lesions
occurred between 3rd to 4th week. In this ease,
there was further breaking up of the mycelial
bits and many large spores were observed (Fig.
3e). Occasional hyphae and spores in varying
numbers were seen even up to the 45th day of
observation on the clinically normal looking
healed areas (Fig. 3d). In 5 eases which were
under longer surveilanee a few spores were seen
in the healed areas up to the 60th (lay of observa-
tion period. Some spores appeared to show budd-
ing.
(4) Culture recovery was uniformly obtainable
in the first 10 days after inoculation in all cases.
After 20 days, positive cultures were difficult to
obtain from most of the healing lesions, although
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FIG. 3. KOH preparations of scrapings: (a) X 383, active growing and branching hyphae with a few
arthrospores from a spreading lesion, (b) X 765, faviform or clubbed swollen, bent and short hyphae
from a stabilised lesion, (c) X 765, arthrospores from a healing area on the 28th day, (d) x 383, a few
active hyphae and many spores from the top of a healed area on the 45th day.
Histopathology of lesions: (Hotchkiss-Macmannus stain): (e) X 765, deep staining invading hypha
in the zone of soft keratin just above the stratum granulosum; S. C. = St. Corneum, H. M. = Rete
Malphighii (1) X 383, hyphae around terminal hair of the skin, (g) X 765 hyphae invading the tunnel
around a sweatpore. A few hyphae are also seen just above the stratum granulosum as in (e).
many spores were present in direct examinations.
Positive cultures were obtained from non-healing
lesions with ease.
(5) Biopsy specimens from the inoculated areas
were removed at various phases in different pa-
tients, and sections were stained by Hotchkiss-
Macmannus procedure. Many serial cuts from
each specimen were examined to give a correct
appreciation of the picture. All sections showed
cutieular and subeuticular invasion. Good cuts
of the sections were obtained from some speci-
mens, and these showed a more integrated
picture of events. They showed penetration by
the hyphae between the cells of stratum corneum
and going down up to and just above the stratum
granulosum (Fig. 3e). On the latter area, hyphae
were deep staining indicating vigorous growth.
This area is the zone of soft keratinization, just
above the "barrier" of the skin described by
Irvin Blank (9) and Szakal (10). An occasional
section revealed an infected hair follicle in which
the hyphae were seen entwining around the hair
(Fig. 31). The tunnel around the sweat pore was
seen to be invaded in one section (Fig. 3g). The
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hyphae were invading the above mentioned soft
keratin zone from this area.
(6) Duration of griseofulvin effect: No re-
sistance to infection was observed in griseofulvin
treated subjects after a week of termination of
treatment. The fungal isolates obtained from
patients at various phases of griseofulvin therapy
showed no changes in their nutritional require-
ments or pathogenicity. All the isolates were
equally infective.
DIScUSSION
Skin Susceptibility to Fungous Infections
and Evolution of Lesions
The evolution of experimental lesions in a
predictable pattern with a tendency to spon-
taneous subsidence between the 3rd and 4th
week in majority of subjects, suggests predictable
host-parasite relationship.
Two clinical types of lesions with and without
central clearing signify differences of local re-
sistance in different subjects. The non-clearing
type shows poor local resistance to the fungus,
as hyphae grow more actively in this type. As a
matter of fact an exaggeration of this type of
lesion has been seen by us in several patients,
in whom large contiguous areas of the body
surface show the active disease. The annular
type of lesion is an expression of a better re-
sistance as the hyphae are clubbed. They are
not as vigorous in their growth as in the previous
lesion. Nonetheless, the resistance is not ade-
quate to inhibit the growth of the fungus com-
pletely. In the latter case, the hyphal growth is
replaced by spores as indicated by scrapings
from self-healing lesions. Follicular lesions
signify the invasion of a hair follicle. The in-
fection of the hair follicle plays a significant role
in the maintenance of chronicity of the disease,
as the fungus is very well sheltered in this situa-
tion and from this location invades the contiguous
skin from time to time. Moreover, our previous
study on the effect of griseofulvin for T. rubrum
infections demonstrated that the follicular
lesions proved more resistant to therapy (1).
Hence we wish to emphasize the importance of
the role of the hair apparatus of the skin in the
mechanism of epidermal disease. This is the
prime factor in most treatment failures. Different
types of lesions and spontaneous healing in some
subjects, suggest variable susceptibilities in
different persons. The susceptibility may either
be related to the nature and manner of kerat-
inization or to the local or general immunity
mechanisms. The spontaneous termination of
experimental lesions in the majority of subjects
suggests that the skin at least on the forearm,
even in the patients with chronic disease, offers
an innate local resistance to the growth of the
fungus. Unless some other individual local
factors are operative (which possibly occurred
in six subjects whose lesions did not heal), the
actively growing mycelial phase of the fungus
terminates to an inactive spore phase. From
these observations, one may conclude that the
defense to fungus infections is more likely to be
of a local nature. Further studies should be
directed to the local factors which interfere with
spontaneous healing in areas of chronic dermato-
mycosis.
TISSUE BIOLOGY OF T. RUBRUM
The direct examination of scrapings from
evolving lesions revealed what one might call
a "tissue biology" of T. rubrum. It is important
to consider this phase as against many known
morphological variations in a test tube. From
a clinician's view point, this is more important
than pure mycological data, as it indicates the
interpretative value of mycological phenomena
as a tool to understand the pathogenesis of
clinical symptomatology. The actively growing
mycelia signify favorable circumstances for
growth of the fungus and hence poor local
resistance. This is clinically seen in the diffuse
lesions with small or large areas of contiguous
involvement. As the resistance to the growth
of the active mycelial form of fungus increases
the latter is transformed to a less vigorous
"faviform" existence, as eharacterised by short
clubbed hyphae. This is seen classically in a
stabilized annular lesion. If there is adequate
resistance resulting in eventual healing, the
faviform phase is followed by breaking up of
hyphae at the septa, and results in the production
of arthrospores. Further developments in healed
areas are characterized by two events. There is
a gradual reduction in the quantity of spores in
healed areas as observed over a period of 60
days of our study. This signifies extrusion of
spores, like inert particles (e.g. carbon or India
ink) from within, by the developing keratinous
cells. The latter phenomenon is aptly termed by
Wi]son (11) as an "epidermal effluvial current",
and plays an important role in clearing a healed
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area of its fungal elements. The second event
concerns the difficulties of obtaining positive
cultures from the healed lesions. The culture
recovery was uniformly positive up to the 10th
day only and became more difficult to obtain
after 20 days from the healing lesions even
though a large quantity of spores were present.
Inability of obtaining positive cultures in routine
media at room temperature from healed areas
signify that either the spores are dead or that
this phase requires different culture technies.
Some of the spores appeared to show budding,
the significance of which is not clear to us at
present. Further investigations are necessary
to elucidate the implications of these observa-
tions.
The histopathological findings of active
mycelial invasion of the space just above the
"barrier" and findings of some mycelial elements
and many spores in scrapings from the healed
symptomless areas suggest that the symptoms
are produced only by the myeelial invasion of
the deeper zone of new keratin formation above
stratum granulosum. The spore phase is not the
cause of clinical symptomatology. It is possibly
at this zone of critical invasion that some product
or toxins liberated by the active fungal growth
are being absorbed, and produce the inflam-
matory reaction seen in a diseased site.
GRISEOFULVIN EFFECT
The case with which we obtained experimental
reinfections within seven days of termination of
griseofulvin therapy signify that there is no
keratinous resistance to fungal invasion after
the stoppage of treatment. This finding cor-
roborates our previous thesis that griseofulvin
terminates the clinical symptomatology because
it stops the myeelial invasion of the disease-
producing area in the soft keratin by inactivation
of growing hyphae. There is no evidence that
the keratin becomes resistant to the fungal
invasion.
SUMMARY AND CONCLUSIONS
1. Procedure for experimental production of
lesions on the skin with T. rubrum is described.
2. The evolution and self-termination of
experimental lesions is reviewed in correlation
with the microscopic morphology of the fungus.
3. The tissue biology of T. rubrum is discussed.
4. The understanding of the tissue biology of
the fungus as a tool for interpretation of host
resistance is offered.
5. The possible mechanism of production of
symptoms in T. rubrum infection is described.
The symptoms of the disease "ringworm" are
produced by some product liberated by the
active mycelial invasion of the space just above
the barrier. The mycelia and spores can be on
the top of keratinous layer without any clinical
symptoms.
6. The mechanism of griseofulvin effect is
discussed.
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